M.  THE COMPUTER INDUSTRY’S REFINEMENT OF THE ACATS
STANDARD IS SUPERIOR.

There is a better alternative for digital television than the ACATS
standard. The computer industry has proposed a limited set of refinements to
the ACATS standard that would bring vastly improved results to consumers at
lower costs. These refinements are set forth in detail in the CICATS
Comments,*® and are incorporated herein by reference.

If the Commission adopts a standard for DTV broadcasting,
Compag would propose that the standard reflect the refinements CICATS has
proposed. Specifically, any standard the Commission adopts should be a
simplified, base-line standard utilizing most of the ACATS standard’s
specifications, but replacing its 18 video formats with the following elements:
(1) 480 vertical lines, (2) progressively scanned only. (3) with broadcaster-
determined (i.e., unspecified) picture aspect ratios, (4) square spacing of pixels.
and (5) temporal layering for variable picture rates consistent with computer
applications.*

In addition, as CICATS has proposed in detail, any standard that is

adopted should be free of the restrictions ACATS has placed on the ability of

‘o CICATS Comments, at §§ Ili-IV.

%0 An acceptable set of picture rates that could be achieved with temporal layering would be
24 Hz, 36 Hz, and 72 Hz. See “Technical Exhibit,” Exhibit B to CICATS Comments, at 5, 11; Gary
Demos, “Temporal and Resolution Layering in Advanced Television,” submitted with Comments of
DemoGraFX on Fifth NPRM in MM Dkt. No. 87-268  In the alternative, picture rates of 24 Hz, 60
Hz, and 72 Hz, which would be more costly for consumers, but perhaps be more familiar to
broadcasters, would be acceptable to Compaq.
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MPEG-2 to “layer” data, thereby providing broadcasters the ability to enhance
programming, e.g., to provide HDTV programming, if demand is sufficient.
Finally, the standard should be upgraded with an improved bit error correction
mechanism developed by the industry when one is finalized, but the Commission
need not postpone adoption of the standard pending that improvement.

The computer industry’s proposed refinement of the ACATS
standard would provide high-quality SDTV for all consumers with digital
receivers, and offer the flexibility and baseline technology to provide state-of-the-
art 720-line progressively scanned HDTV for those who were willing to pay for
more sophisticated equipment. It would lower consumers’ costs and let the
marketplace decide whether HDTV is worth its price. And it would enhance
computer compatibility, and accelerate the introduction of advanced applications

merging computers and digital television
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CONCLUSION

In summary, Compagq believes the costs of a government
mandated DTV standard greatly outweigh its benefits and that the market is best
suited to develop an appropriate standard for digital television. Compaqg
therefore urges the Commission to refrain from adopting any DTV broadcast
standard. If the Commission nevertheless determines that adoption of a more
specific DTV broadcast standard is in the public interest, it should adopt the
proposed ACATS standard only with the refinements proposed by CICATS in its

comments in this proceeding.

Respectfully submitted,

COMPAQ COMPUTER CORPORATION

By: th, (‘:’W

/(LA

Jeffrey A. Campbell

Manager, Federal Government Affairs
Compaqg Computer Corporation
13001 St. NW

Suite 490E

Washington, D.C. 20005

(202) 962-3830

July 11, 1996
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Good morning, Mr. Chairman and members of the Committee.

I’'m Bob Stearns, Compaq Computer Corporation’s Senior Vice
President for Technology and Corporate Development ... and its Chief
Technologist as well.

In years past, | have testified before Congress and the FCC on a
variety of communications issues of importance, and greatly appreciate
the opportunity to testify today.

Compagq is the world’s largest supplier of personal
computers and the fifth largest computer company in the world, with 1995
world wide sales of $15 billion.

| might point out that’s more than the combined sales of the three
largest TV networks.

We’ve built Compaq’s market position with an emphasis on open
and voluntary technical standards and with a constellation of strategic
partnerships, such as with Microsoft, that have permitted us to create
products that meet real consumer needs.

With that as background, here are Compaq’s views on the

Electromagnetic Spectrum Management Policy Reform and Privatization
Act.

To begin, Compaq agrees with Senator Pressler that spectrumis a
valuable resource that shoutd be made available on terms flexible enough
to encourage its most innovative and efficient use.



Outmoded, inefficient uses of spectrum -- such as analog NTSC'
television broadcasting — should be replaced as soon as feasible by uses
that will better serve the marketplace and the public interest.

Those to whom spectrum has been entrusted have an obligation to
invest in the future ... even if that means doing business in a new and
unfamiliar way.

| should mention that Compagqg remains noncommittal about whether
spectrum currently used or reserved for broadcast television should be
auctioned.

But we do believe that the day when this spectrum can be returned
to the government for re-use will be postponed by years ... if the FCC

adopts the proposed Grand Alliance standard for digital television
broadcasting.

Let’s take a minute to focus on the Grand Alliance proposal.
Compaq believes this proposal is flawed.
First, it is ot a standard at all but an amalgam of all the different

formats that were being developed by the companies that joined forces to
form the Grand Alliance.

Second, contrary to the way it’s often portrayed ... itis not a “best
of the best” proposal nor is it flexible.

Instead, it’s really a grab bag of 18 different mandated formats.

And several of these formats incorporate outmoded, inefficient, and
non-computer-friendly technology.

Third, if adopted by the FCC, the Grand Alliance proposal will *
straight jacket the future of digital broadcasting by effectively forcing
digital TV receivers to decode all 18 formats.

And that would not be in consumers’ interests.
Why?

Because consumers would be forced to buy receivers capable of
receiving all 18 formats ... including formats that may not deliver a
discernible difference to their picture quality.

National Television System Cammittec



What’s more, think of the amount of processing power that will be
needed to decode all of the formats.

Having to incorporate that processing power will significantly
increase the cost of those television receivers and hybrid PC-TVs that are
about to hit the market.

Consumers will be forced to spend billions of dollars—neediessly.
In fact, prohibitively high production costs may well keep digital TV
receivers out of reach for average consumers and slow the rate at which

digital broadcasting becomes viable.

At one time, the Grand Alliance technology may have been
adequate for purely entertainment purposes.

But with the convergence of TVs and computers well under way, it
is now obsolete.

And by the time —- many years from now - that the average

consumer is abte to afford a set that can receive and decode all 18

formats ... the technology will have been surpassed by a whole new
generation.

We all know that engineers are improving the capabilities of digital
technologies relentlessly.

So why perpetuate obsolete technology for digital television when
it’'s advancing so rapidly in all other industries?

It would be like forcing tomorrow’s cars to use brake systems and
suspensions from the 1980s.

Let’s fast forward to the year 2000.

Under the trajectory set by the Grand Alliance, we see two
undesirable consequences.

One, more than half of American viewers will continue to watch
analog TV.

Two, valuable spectrum allocated for digital broadcasting will
remain underutilized.

The year 2000 doesn’t have fo be this way.



Compagq sees an alternative ... a simpler, less-regulatory standard
that would greatly reduce the cost of digital television receivers.

We know Senator Pressler’s bill envisions the government not
mandating a standard for digital broadcast television.

From where we sit ... that approach is vastly preferable to the
government’s mandating a standard with 78different formats. ,

That said ... let me underscore that Compaq and other members of
the Computeér Industry Coalition on Advanced Television Service
(“CICATS”) oppose the FCC’s adoption of the Grand Alliance standard.

If the FCC decides that it should adopt any standard for digital

television, we propose a minimal, but liberally enhanceable, baseline
standard.

Our baseline standard would provide greater flexibility to
broadcasters and equipment manufacturers.

It would significantly lower consumers’ equipment costs.
it would accelerate the use of spectrum for digital broadcasting.

And more quickly free up spectrum for reuse that is now used for
analog broadcasting.

For the past several months, Compaq and other computer and
software companies have been advocating an improved digital TV
standard that combines the best elements of the Grand Alliance’s
proposal.

The result is a flexible base layer format that would produce a huge
qualitative improvement over today’s analog TV ... yet at acost that’s a
fraction of what's expected under the Grand Alliance proposal.

Best of all, the computer industry’s proposal would provide
interoperability between computers and digital broadcasting ... and
accelerate the roll-out of affordable, interoperable products and
services.

You may be wondering why Compaq cares so much about a digital
television standard.
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The answer is that the convergence of PCs and TVs is making
digital TV transmissions an important part of the National Information
infrastructure.

At least three major manufacturers - Compaq among them -- have
unveiled a new family of products that are best called “hybrid PC-TVs.”

These devices will revolutionize the way Americans receive, store,
and process interactive information, and provide limitless new
opportunities for entertainment and education

This is not pie in the sky. It’s ready to eat today.
PC-TVs are already on the market.

And in the near future, many of us will see our homes transformed
into intelligent networked homes, with the PC as its nerve center.

For example, your living room PC-TV, with its advanced digital
display, might offer a 60-inch screen and handle a variety of content that
you’ve selected.

b

And a home local area network, modeled after the one at work, will
enable a central home PC to drive displays in the study, the kitchen, the
kids’ rooms, and the family room

We envision your home having far more interactive and diverse
communications links to the outside world—-including voice and voice

services, paging, videoconferencing, e-mail, online services, and Internet
access.

And PC-TV hybrids will enable you to pull in digital content on
demand, along with a wealith of information and services ... including
sophisticated electronic commerce and banking ... telemedicine ... and
distance learning.

If next-generation digital sets are less expensive and digital
television is more computer friendly, this day will be here before you
know it.

More consumers will be able to purchase digital receivers sooner,
and digital TV will become a reality faster — we believe 6§ to 7 years faster
under the computer industry singte-format proposal.

Broadcasters will migrate to all-digital transmissions faster.



And spectrum can be returned for auction soconer.

If Congress wants to maximize the benefits and minimize the cost to
consumers and taxpayers ... it should join us in discouraging the FCC
from adopting the Grand Alliance’s proposed digital TV standard.

Thank you very much for your time. I’'m happy to answer any
questions you may have.






Comparison Between Interlaced and Progressive Scanning
Formats

Prof. P. Delogne*

1 Background

The advent of digital television has reopened the debate about scanning formats, which
seemed to be definitely closed since the early times of television. Interlaced scanning
was first requestioned in the early development of compression techniques. For instance,
it appeared to be a major source of problems for the development of hierarchical cod-
ing schemes! during the RACE/HIVITS project. Shortly after this, some consideration
was given to this issue in the development of the MPEG-2 standard as well as in work
carried out in the related ITU/CMTT-2 rapporteur’s group on secondary distribution of
TV/HDTV. Whereas it is fair to recognize that MPEG-2 slightly opened the door to
progressive formats, it is clear that none of these projects took the risk of fundamentally
requestioning the well established position of interlaced scanning.

In early 1994, in the frame of debates carried out by the FCC about the adoption of
a digital television system for the United States, the american association of cinematog-
raphers took a very strong position' in favour of progressive scanning. After recalling that
the interlaced scanning format used for television is a considerable source of artefacts
which would not exist with a progressive format, and that about 70 per cent of the picture
material broadcast by television operators originate from unscanned films, the cinematog-
raphers conclusions were quite clear, though a bit abrupt : it would be stupid to adopt
interlaced scanning for a digital TV broadcasting standard.

About at the same time, the Image Project Line (PL4) of the european RACE pro-
gramme had initiated a debate on the interlaced/progressive issue, with however a different
basic motivation, i.e. the convergence of the computer/multimedia and broadcasting in-
dustries. At present these business areas exclusively use the progressive format and the
interlaced format respectively. Convergence toward a unique format seems unavoidable in
the long term. PL4 decided to prepare a recommendation addressed to the outside world,
to draw the attention on the problem and to recommend some realistic orientations for
the near future. The adoption of the recommendation was somewhat delayed by a rather
conservative reaction from some company in the broadcasting consumer electronics area.
It nevertheless came out. Subsequently the HAMLET project was asked to undertake
additional studies to clarify some remaining uncertainties. Several papers in this session

*Laboratoire de Télécommunications et Télédétection. Uiniversité Catholique de Louvain, Louvain-la-
Neuve, Belgium

Hierarchical coding, upward-downward or HDTV /TV compatibility, multiresolution analysis, spatial
scalability, frequency scalability are roughly equivalent terms to describe attempts to include the description
of a lower-definition picture in the compressed bitstream
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2 Scanning as a sampling operation

The scanning system used by television systems analyzes moving pictures as a sequence of
images called frames which are furthermore read line by line. The most obvious scanning
system is the progressive one illustrated on figure 1. which describes an analysis with
50 frames/s and 576 active lines per picture height H. Progressive scanning actually
corresponds to a two-dimensional sampling operation described by an orthogonal sampling
grid in the (y,t) plane, as shown on the figure.

Yy

Figure 1: Progressive scanning system.

For reasons of bandwidth saving and of limitation of flickering effects, existing television
systems use 2:1 interlaced scanning, whereby each frame is analyzed in two fields : odd
fields contain odd lines and even fields contain even lines. Figure 2 illustrates the European
standard with 25 frames/s and 576 active lines/frame. The correspanding sampling grid
is now a quincunx as shown.

Of course, in digital television systems, the signal is also sampled in the horizontal

direction, i.e. along the lines. The sampling pattern in the (z,y) plane is most frequently
orthogonal.

The theory of multi-dimensional sampling is somewhat more complex than for the
one-dimensional case [1]. The spectrum of the analog signal is here aliased at the nodes
of the conjugate network. If we denote by T; the base vectors defining the structure of the
sampling network in the (z,y,t) space, the conjugate network is defined by base vectors
u; of the (f;, fy, fr) space, such that %; - 5, = §;;. Figure 3 illustrates the conjugate
networks for progressive and interlaced scanning in the (f;, f,) plane. The peculiarities
of multi-dimensional sampling as related to television scanning merit some comments. It
should first be noted that, contrary to one-dimensional sampling, the aliasfree baseband
is not uniquely defined. The baseband illustrated by the continuous-line rectangle on the
left-hand side of figure 3 seems logical, but it is not the only possible choice. As a matter
of fact, for a given ronjugate network there iz 1n infinite number of possible alias free
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Figure 2: Interlaced scanning system.

basebands, even under the constraint of a maximum area for this bandwidth. This can
easily be understood by comparing the aliased spectra with the visible part of tiles on
a roof: given the network of tiles centers, there is an infinite number of possible shapes
to assume complete coverage. The right-hand part of figure 3 illustrates three possible
bandwidths for interlaced scanning.

In principle it is necessary to avoid aliasing effects by presampling filters. This means
that a spatio-temporal filter should be placed ahead of the scanning system. The tech-
nical means to do this are extremely poor. It is possible to obtain some spatial lowpass
filtering by defocusing the optical system in front of the camera. This adjustment is made
experimentally so as to obtain the best subjective picture quality, representing a compro-
mize between loss of resolution and aliasing effects. The camera spot remanence similarly
performs some temporal lowpass filtering. It is clear that the spatio-temporal spectrum of
television pictures is not very well defined and that complex spectrum shapes such as some
ones shown on figure 3 represent purely theoretical concepts. The only sound statement in
this regard is that the baseband spectrum is vaguely rectangularly shaped by the camera
system. Image sequences currently exhibit considerable temporal aliasing.

Similarly, reconstruction filters are needed to eliminate the aliased spectra in the dis-
play process. The technical means available for this purpose, i.e. defocusing the display
spot and increasing the spot remanence, are again very poor. Actually the human visual

system, acting as a lowpass spatio-temporal filter, will play the main role in reconstruction
filtering.

3 Psycho-visual effects

The human perception of pictures displayed on a screen depends on a number of external
factors, among which the viewing distance, the screen brightness and the background
lighting.

The eye roughly acts as a spatial lowpass filter, with some cutoff frequency expressed
in cycles/degree. The main effect of the viewing distance is in the conversion from these
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Figure 3: Conjugate network in the (f, f,) plane for progressive (left-hand side} and
interlaced (right-hand side) scanning.

cycles/degree to the cycles/picture height in which spatial frequencies are currently ex-
pressed. The eye cutoff frequency is not uniform, being maximum in the foval area.

The human visual system also acts as a temporal lowpass filter. This phenomenon
involves different layers in the global process, ranging from purely perceptual effects such
as retinal persistence to interpretation by the human brain. It is almost sure that the brain
cannot interpret more than a few different full pictures/second, but it can concentrate
on some fast changing details (e.g. a tennis_ball). One can dream about a television
system which would capture only a few frames/s and would include, at some place in
the global link, an effective temporal interpolation system so as to eliminate any purely
perceptual impairment. One has to find the right frontier between dream and realism for
such approaches. The dream assumes that the interpolation system can be as intelligent as
the human brain. Realism dictates to take into account economically achievable pseudo-
intelligent temporal interpolation techniques. For the time being, this probably does not
go beyond the use of motion compensation without any picture content interpretation.
Nevertheless, temporal interpolation (including its simplest implementations, such a the
triple projection of each picture made in the cinema technique) has to be considered
nowadays as an intrinsic part of the viewing problematic.

The artefacts resulting from scanning are essentially due to the poor characteristics
of the antialiasing and reconstruction filters, as explained above. Interpolation can be
used to compensate for insufficient reconstruction filters, i.e. to decrease the visibility of
repeated spectra. It is of no use to eliminate aliasing errors due to insufficient filtering
occurring ahead of scanning itself : this kind of error can be called irreducible . Artefacts
related to scanning can easily be understood using spectral representations such as those
of figure 3.

A preliminary remark should be made about the latter. The areas of the possible
baseband for progressive versus interlaced scanning are in a ratio of two. It is not fair to
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Figure 4: Aliasing effect for interlaced scanning.

Whatever the case, the well known artefacts of interlaced scanning are essentially due
to the quincunx structure of the repeated spectra, which causes frequencies of the baseband
to be aliased closer to the origin of the (f,, f.) plane than for progressive scanning. Figure
4 can be used for this purpose. The following types of artefacts can occur :

1. Some frequencies present in the scene and located somewhere between Al and Bl
are mapped between A and B because of insufficient filtering ahead of the scanning
process. This is the source of irreducible errors, such as wheels turning in the wrong

direction, etc. P25 is not better than interlaced in this regard. Obviously, such
effects are less likely for P50.

2. Another type of irreducible error is B1 being mapped to B. This area B1 corresponds
to large-area luminance variations at 25 Hz such as due to electroluminescent tube



lighting. [nterfaced ~canning w here better tho: P20 for which Bl s mapped o A,
where the eye sensitivity is maximum. The o rrecponding problem for P50 is A2
being mapped to A. but this is less critical

3. At the display side, the generally quite energetic area A being aliased in Al is the
cause of interline flicker and crenelated diagonal moving edges, which are major
impairments of interlaced scanning. They can only be reduced by increasing the
viewing distance. With P25, A would be aliased in B1 (large area flickering at 25
Hz) : this is obviously not acceptable and some temporal interpolation is absolutely
needed. This problem is solved by projecting each picture three times in the cinema
technique. For P50, the area A is aliased in A2 (large area flickering at 50 Hz)
as it also is for interlaced : this is just acceptable and is being improved in recent
techniques such as 100 Hz TV.

4. Area B corresponding to high-detail in the picture is repeated in Bl and causes large
area flickering at 25 Hz. This is one of the major weaknesses of interlaced scanning in
the absence of any temporal interpolation. Historically, it has been the reason why
the vertical spatial resolution is reduced by a factor K =~ 0.7 below the maximum
achievable resolution (288 c/H, i.e. 576 lines). K is known as the Kell factor.

Globally, interlaced scanning suffers from a number of weaknesses due on the one hand
to some irreducible aliasing errors and, on the other hand, to the difficulty of applying
temporal interpolation technriques to this format to improve reconstruction filtering. It is
currently admitted that the viewing distance for the interlaced format must be about twice
larger than for P50 to achieve the same visual quality. Some people assert that P50 would
be nearly as good as interlaced HDTV. As far as P25 is concerned, this format probably
offers enough intrinsic temporal resolution for a very large class of picture material, as
cinema as shown since a long time, but it cannot be displayed without some temporal
interpolation. It is certainly a good candidate for the broadcasting of films, for which it
has the appropriate frame rate.

4 Capture and display devices

The question of scanning formats cannot be discussed without devoting some consideration
to the characteristics of capture and display devices and of their possible evolution.

Traditional cameras use a tube as the capture device, but CCD cameras are now
available. Both can be used for progressive as well as interlaced scanning. The main
problem with tubes is their relatively poor signal-to-noise ratio for progressive scanning
as compared to interlaced. The difference is considerably reduced for CCD cameras, as
shown on Table 1. This table was taken from (2] and shows figures for HDTV 1125 lines
cameras. A difference is made between the nominal SNR and the effective SNR in camera
operation, the latter taking into account the amplifier noise and line processing performed
in the camera. In this table, "progressive” means P50. The gap between interlaced and
progressive will further be reduced with new C'CD techniques such as M-FIT CCD.



[mage Device

Tube i D
| Scanning system Interlaccl PI‘()gT(?ﬁ&SiV('T[I\.t.(?rlzuie I Progressive

Signal bandwidth {MHz) 30 60 30 60
Nominal SNR (dB) 47 38 around 50 41-47
Effective SNR (dB) 34-38 25-20 | 37-40 29-37 |

Table 1: Effective SNR estimate of 1125 lines HDTV camera

Regarding displays, the development of HDTV is a driving force in research on al-
ternatives to the classical cathode ray tube (CRT), also for TV display. New promising
systems such as the Active Matriz LCTV, the Digital Micromirror Device and Plasma Dis-
play Panel present interesting behaviors for interlaced and progressive scanning formats
as well. Some of these are intrinsically based on progressive scanning, the display of inter-
laced pictures fequiring additional manipulations. It is likely that these new technologies
will lead to consumer products in a relatively near future.

To conclude, it appears that capture and display devices are probably not among the
most important obstacles to an evolution toward the use of progressive scanning.

5 Signal processing aspects

Various types of signal processing operations need to be performed in a digital TV chain.
The acceptable degree of complexity is certainly not the same for operations performed in

studios and in the user terminal, but this gap is now reduced with the advent of VLSIs
for consumer products.
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Figure 5: The spectrum of an interlaced signal as the sum of spectra of even and odd field
sequences.

Before looking at various signal processing operations, we would like to recall an al-
ternative view of interlaced scanning, as this can give some insight on basic difficulties of
signal processing for this format. The spectral properties of interlaced scanning shown on
figure 3 can be understood at the light of figure 5. An interlaced signal can be considered
as the sum of two progressively scanned pictures i.e of the sequences of even fields and



of odd flelds. As can be abserved on figiure 2 the oer can be convidered as due to two
progressive scanning systems with half the wimber £ Daes, Sur with Jdifferent sampling
phases. The sampling phases result in plus and mins sgns affecting the aliased spectra,

half of which disappear in the summation. The quincunx repetition of spectra for inter-
laced scanning result from this quasi magic property, The merit of this presentation is to
make clear that nearly any classical signal processing operation performed inside a field
or even on a sequence of fields with the same parity would be theoretically illegal, because
it operates on a signal which has been sampled at half the Nyquist rate in the vertical
direction. Interlaced scanning is a considerable source of difficuities for picture processing,
including for coding, because spatial and temporal operations are no longer independent.

5.1 Spatial filtering

This is one of the most current operations, which has to be performed in a lot of more
complex processes (see below). We are here concerned with the vertical direction. There
is no difficulty for filtering progressively scanned pictures, since it is perfectly justified to
apply a spatial digital filter operating inside frames. With interlaced scanning however this
is a theoretically illegal operation. In principle, spatial filtering in the vertical direction
now requires to operate on several fields. A satisfactory way of proceeding has been found
[3, 4], but it practically involves the use of a quite complex deinterlacer (see below). This
may not be acceptable from the cost point of view in many applications, since several field
memories would be needed. In practice, intra-field filtering is sometimes used, but this

should be done with much care, taking into account the summing properties illustrated
on figure 5.

5.2 Temporal interpolation - Motion estimation/compensation

Temporal interpolation is required in a number of processes. The classical technique for
interpolation is to insert zeroes and lowpass filter the result. This method is nearly never
used for the temporal interpolation of TV signals, even with progressive scanning, as this
would need to operate on a rather large number of frames. A much more efficient technique
is to use motion information for interpolating between two successive frames. Using three
frames can provide better results in areas being covered or discovered by the motion of
foreground objects.

With progressively scanned signals, there is no fundamental difficulty in the motion
estimation, even with sub-pel accuracy, as well as for the interpolation itself. With in-
terlaced scanning, estimating motion between two fields, either with the same parity or
with opposite parities, frequently provide erronecus motion vectors. This is not surprising
since vertical sampling at half the Nyquist rate provides fields which contain only 50 per
cent of the information. This is true for full-pel and sub-pel accuracy as well. Again, the
right way of proceeding is known [3, 4], but it is quite complex.

5.3 Interlacing - deinterlacing

Interlacing is generally not a complex operation. Conversion from P50 to interlaced is ele-
mentary. High-quality conversion from P25 to interlaced supposes temporal interpolation
and can be done with moderate complexity. A very cheap alternative is to merely use
the odd/even lines of a P25 frame as the odd/even fields of the interlaced format. This is
actually what is done for telecinema, and the resu!t i+ not so bad.



Deinterlacing is much more complex. Producing 15 0 P25 by niere vertical interpo-
lation inside fields is a theoretically illegal operation. It rav vield more or less acceptable
results only for pictures shot with a rather low Kell factor. For higher-quality pictures,
it is necessary to resort to techniques using motion information. Satisfactory solutions
have been found [3, 4], but they are quite complex and should probably be reserved to
professional studios. The utilization of such complex techniques at the receiver side does
not seem realistic today.

5.4 Still picture, slow motion, chroma key

These operations are currently performed in studios, but they are of interest also for
consumer equipment (e.g. recorders) and in multimedia production.

Still picture. If the picture to be displayed in still-mode is progressive, this process
is automatic and reduces to an editing problem. If the incoming signal is interlaced an
interpolation is logically needed. The quality of the deinterlacing algorithm is in this case
more critical because artefacts are actually clearer than what can appear in motion.

Slow Motion. Slow motion can be regarded as a conversion to a higher frame rate.
Conventionally in the interlaced world, slow motion replay has been achieved by simple
field repetition. This process gives rise to undesirable jerky motion effects. To overcome
these problems high-quality slow motion algorithms recently projected are all based on a
high-quality deinterlacer, specifically projected or adapted to this purpose. Typically the
whole process is a cascade of such deinterlacer followed by a temporal interpolation, where
the number of intermediate interpolated pictures depends on the desired target frame-rate.
The deinterlacer step is obviously skipped for a progressive input.

Chroma-keying. Digital chroma-keying is intended to replace the historical analog pro-
cess based on the use of the blue component to separate elements from a scene. Basically
good performances in isolating objects from an image to overlap it on another are achiev-
able only through good region and contour detection, surely easier in progressive scanned
picture than in blurred (since field-merged) interlaced picture. Within the researches
currently under development progressive reference material is always considered.

5.5 Frame-rate conversion

This conversion can be used at both transmitter and receiver sides. It primarily concerns
conversions between :

1. 50Hz/59.94Hz/60Hz : compatibility between European, Japanese and American
standards.

2. 50Hz/100Hz : this is a means to improve video domestic quality still using an inter-
laced TV screen. Due to this advantage it has already found a place in the market
with pure repetition of fields. Some upgrades to these elementary algorithms, mak-
ing use of motion estimation are already available. This new solution is provided by
the cascade of a deinterlacer, a temporal interpolator and a reinterlacer, in order to
obtain an interlaced 100Hz sequence where only every fourth picture is an original.
The complexity of the algorithm presently fits better with studio or broadcasting
application.



3. 50Hz/T2Hz - workstations and PC montam: ofter waork a1 the frequency of 72 Hz

because these displuvs are viewed from o mnch loser distance than a TV set and
so a higher fame rate is considered necessary to eliminate any visible flicker. In
the framework of windows containing video, this conversion problem copes with

interoperability between digital television and muftimedia

5.6 Aspect Ratio Conversion

Aspect ratio conversion can be needed both at the transmitter and receiver sides. Typ-
ically, it concerns the conversion between 4/3 and 16/9 formats. Probably digital tele-
vision will start in 16/9, so the problem of compatibility with 4/3 material is real. The
re-sampling is essentially a filtering problem (pure horizontal, pure vertical or mixed),
where above considerations on vertical filter and scanning format are valid. Progressive
scanning would undoubtedly make things much easier.

5.7 Coding and multiresolution analysis

By lack of place, and also because recent research results are reported in other papers of
this workshop, we will restrict ourself to a few general remarks :

o Intra-coding is based on the DCT, used as the decorrelation operator. The latter
should be a spectral analysis tool, according to Crameér-Loéve's theorem. It is un-
doubtedly a quite efficient operator when applied to a progressive format. For an
interlaced format, one may have to choose between field-DCT and frame-DCT (i.e.
after merging two fields). Field-DCT has reduced reduced efficiency because it is
applied to a sequence sampled at half the Nyquist rate in the vertical direction, i.e.
exhibiting aliasing ; lack of efficiency comes from the fact that extra bits are needed
to encode aliased frequency components. Frame-DCT uses extra bits to encode a
mixture of spatial information and motion effects which is not exploited usefully.

e Motion compensation is the main ingredient of inter-coding. It suffers from a number
of weaknesses for interlaced pictures. Interfield motion estimation and compensation
cannot be very efficient, even for full-pel accuracy, because it is applied to sequences
sampled at half the Nyquist rate in the vertical direction. Sub-pel accuracy involves
vertical interpolations which are illegal from a theoretical point of view. Interframe
motion estimation and compensation applied after field merging attempts to find
motion between two pictures which actually have no physical existence in moving
areas. The coding efficiency of motion compensation is therefore significantly lower
for interlaced pictures than for progressive ones.

e A major drawback of motion estimation and compensation performed on interlaced
formats is that it provides motion vectors which do not necessarily correspond to
actual motion. Their usefulness for format conversions which could be performed at
the receiver end for improving visual quality is therefore limited.

e Multiresolution analysis (i.e. scalability) in a coding scheme would offer some ad-
vantages, e.g. for TV/HDTV compatibility of for fast modes in recorders. It cannot
easily be included in the coding process for interlaced scanning, where it requires
additional features from the algorithm and requires extra bits at the output. The
basic reason for this is the existence of vertical aliasing inside fields, which makes
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6 The present and the future

Interlaced scanning has been a magnificent idea to save bandwidth in a consumer oriented
service at a time where signal processing technologies were nearly inexistent. The foregoing
analysis however puts in evidence that it creates more problems than it solves in a digital
environment, where rather complex signal processing are part of the landscape.

The very few advantages that interlaced scanning can offer for display purposes (actu-
ally these advantages are only sensible for a fixed line rate in the display device) should not
weight much at a time where PCs costing about 1,000 USD and including displays with
a spatial resolution equivalent to, or even better than HDTV are part of the consumer
industry world. The computer world has not been constrained by some technological con-
straints belonging to the past ; it absolutely ignores interlaced scanning ! Convergence of
the broadcasting, telecom and computer industries is part of the present landscape.

The move of the broadcasting world from interlaced to progressive scanning is un-
avoidable in the medium/long term. It is however strongly slowed down by the massive
dominance of the interlaced format both in studio and consumer equipments. This situa-
tion should be recognized as factual and should be duly taken into account.

The advent of digital TV offers a unique opportunity to escape from the constraints and
limitations related to interlaced scanning. We are here faced with a classical fight between
conservatism and progressism. The basic choice is about where to put the emphasis in
new developments. It is also a choice between paying a moderate amount now and paying
much more in the future.

While taking interlaced scanning as the main line of thoughts and accepting the related
increase of coding/decoding complexity as an intrinsic part of the base layer, MPEG-2
opened a door to progressive formats. This door is narrow since, whereas 25P is indeed
part of the main profile at main level (MP@ML) option, 50P was "evacuated” to the very
expensive MPQH-14 HDTV level. In Europe the DVB group has adopted MPEG-2 at
MP@ML as the main option and does not seem to push for a better statute for 50P. It is
the author’s opinion that these choices are fundamentally erroneous. Excessively sticking
to the interlaced format will limit the added value of digitalization for the broadcasting
industry and it will be a source of increased costs for the user in 2 medium/long term.

The end result may well be a greater attraction of telecom distributed services compared
to classical broadcasting.

Apparently, more promising solutions are considered in the US and in Japan. Several
progressive formats have already been chosen for the introduction of the new digital HD
television in the U.S. [5]. In Japan, the launching of a new standard called EDTV-II
(Enhanced Digital TeleVision) will also make use of a progressive format (480x720, 59.94
Hz) [6]. Let us hope that, after having been leading in the development of digital techniques
for image communications, Europe will not have made wrong strategic choices in a crucial
step of the process.



